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Picocyanobacteria of genera Prochlorococcus and Synechococcus are among the 
most important primary producers in the ocean. It has been known that there are 
distinct genetic populations of Prochlorococcus that adapt to different marine 
environments, forming genotypes and ecotypes, such as the high-light adapted and 
low-light adapted ones which respectively dominate upper and lower euphotic zone in 
the ocean. Synechococcus are also featured as their highly diverse populations that are 
distributed across much broader marine ecosystems than Prochlorococcus. Up to date, 
at least 20 clades of Synechococcus genotypes were delineated, among which clades 
I-IV appear to be most abundant. However, all the known genotypes cannot cover the 
whole community of marine picocyanobacteria and therefore, our study aims to 
extend our knowledge about picocyanobacterial diversity.  
Viruses that infect marine picocyanobacteria (cyanophages) are important in the 
marine ecosystem. Firstly, they cause a great deal of host mortality and therefore are 
responsible for a significant amount of nutrient such as C, N, P releasing back to the 
environments. Secondly, they mediate horizontal gene transfer that can greatly 
influence the hosts’ evolution. To date, all the cyanophage cultures fell into the 
Caudovirale order which includes three families, Myoviridae, Podoviridae and 
Siphoviridae. A decade ago, the finding of photosynthesis genes in cyanophage 
genomes led tremendous studies on the cyanophage-picocyanobacteria system. 
Although great efforts have been put in the research on genetic diversity and 
genomics of cyanomyoviruses, little is known about the genetic extent of 
cyanopodoviruses or the genomic information of cyanosiphoviruses. Thus, the present 
study has also focused on the genomics of cyanosiphoviruses and made the following 
progresses:  
1 Our survey on the genetic diversity of Prochlorococcus and Synechococcus across 
global oceans revealed that although the distribution pattern of known genotypes 
in this study mostly agreed with previous studies, novel picocyanobacterial 
lineages were found and exhibit unexplored niche adaptations. Firstly, 
Synechococcus in subcluster 5.3 have greater diversity than expected and appear 
to have diversified into genotypes that adapted to different light conditions. 
Secondly, Synechococcus genotype CB5 in subcluster 5.2 was found dominant in 
















the meso-to-eutrophic high-latitude oceans.  
2 We studied the genetic diverisy of marine cyanopodoviruses using the gene 
marker of viral DNA polymerase and compared our results to those from the 
Chesapeake Bay previously published by Chen et al. (2009). We found a clade of 
cyanopodoviruses ubiquitous among all the sampling area in our study, while 
others were site-specific. Much fewer genotypes were detected among oceanic 
samples than coastal or estuarine ones, suggesting lower diversity of 
cyanopodoviruses in oligotrophic oceans. There was no environmental factors 
found that have significant correlation with the distribution of cyanopodovirus 
clades, which may be owing to, at least in part, the factor that one 
picocyanobacterial strain could be infected by genetically distant podoviruses. 
3 Genomic study based on four Synechoccoccus siphoviruses in our work and one 
Prochlorococcus siphoviruses published previously (Sullivan et al., 2009) 
revealed three distinct cyanosiphovirus groups that reflect their morphological 
defferences and phylogenetical distance. Compared to the monophyletic 
cyanomyoviruses (a single T4-like type) and cyanopodoviruses (a single T7-like 
type), cyanosiphoviruses are polyphyletic. We did not find photosynthesis genes in 
cyanosiphovirus genomes, which are commonly obtained by cyanopodoviruses 
and cyanomyoviruses. A bulk of homologous genes was detected between 
cyanosiphoviruses and their marine picocyanobacterial hosts, which are mostly 
related to DNA metabolism, replication and integration. Based on the 
phylogenetic analyses on those genes, we inferred that picocyanobacterial hosts 
had acquired those genes before the descent of their major lineages, possibly 
owing to prophage-integration.  
 
































线衍射技术贡献于 DNA 双螺旋结构的发现，DNA 末端测序技术促进人类基因组
计划，以及聚合酶链式反应（polymerase chain reaction, PCR）应用于当今千千万
万的生物学实验。新兴生物技术应用于海洋微型生物生态学总是滞后于经典生命
科学领域。然而，正是这些稍微滞后的“引进”，给人们认识海洋微生物及其生
态效应带来了巨大的贡献，如透射电子显微镜技术（ transmission electronic 
microscope, TEM）、落射荧光显微镜技术（epi-fluorescence microscope, EFM）、
流式细胞技术（ flow cytometry, FCM）与现代分子生物学技术（molecular 
technology）。 





























（ metagenomics ）、 宏 转 录 组 学 （ metatranscriptomics ）、 宏 蛋 白 质 组 学
（metaproteomics），引领海洋微型生物生态学进入了“组学”时代。 
基于技术的革新与进步，科学家陆续发现了海洋中丰富多彩的微型生物类
群。20 世纪 70 年代，落射荧光显微镜与染色剂的使用证明了海洋中存在着大量
的浮游细菌（Ferguson and Rublee, 1976; Hobbie et al., 1977）。科学家使用 4，6-









支，直到 1988 年，美国麻省理工学院的科学家才确认它们是一类新种（Chisholm 
et al., 1988），并于 1992 年在实验室成功培养了该海洋藻类（Chisholm et al., 
1992），最终将它们命名为海洋原绿球藻（Prochlorococcus marinus）。同年，海
洋微生物学界另一重大发现被提出，即浮游古菌（planktonic archaea）在海洋中


















中的生态作用提高到了非常重要的地位（Pearson et al., 2001; Wuchter et al., 
2003）。20 世纪 80 年代末期，科学家发现海洋中存在大量病毒颗粒（Bergh et al., 
1989; Proctor and Fuhrman, 1990），从而将另一类生态地位重大的范畴引入海洋微
型生物生态学。由于病毒能够专一裂解宿主，它们对微生物群落的调控以及营养
元素的循环具有重大的生态意义（Suttle, 2005）。进入新世纪，随着组学时代的
到来，通过发掘海洋微生物的宏基因组序列（Venter et al., 2004; DeLong et al., 
2006），科学家相继发现一些极其重要的海洋细菌功能类群，如好氧不产氧光合
细菌（aerobic anoxygenic phototrophic bacteria, AAPB），含视紫红质光合细菌
（proteorhodopsin-containing bacteria），氨氧化细菌与古菌（ammonia oxidizing 
bacteria, AOB; ammonia oxidizing archaea, AOA）等。发现异养光合细菌对我们认
识海洋碳循环与能量利用提供了新的视角，同时启发人们思考是否存在异养和自
养微生物之间的明确界限；也正是这些发现，让人们明白一个生态学要点——“生
态的界限是模糊的（The boundaries of ecology are in the mind of the ecologist）”





pump）、微食物环（microbial loop）以及微型生物碳泵（microbial carbon pump, 
MCP）理论。早在 1967 年， Dugdale 与 Goering 就明确定义了新生产力（new 
production），即由真光层外源输入的氮支持的初级生产力。1979 年，Eppley 与
Peterson 提出了沉降的颗粒有机碳（particulate organic carbon, POC）通量与新生
产力的关系，认为向下输出的 POC 与新生产力在统计上是相当的，他们的理论
事实上引导了之后几十年的海洋碳通量研究。20 世纪 80 年代，科学家逐渐将向
海洋深处输出生产力的过程总结为生物泵理论（图 1.2）（Volk and Hoffert, 1985; 
Longhurst and Glenharrison, 1989），并在此基础上认识全球变化，主要指人为活
动引起的 CO2 排放与全球变暖（global warming），对生物泵效率的影响（Cox et al., 
















以消耗相当一部分的总初级生产力（Hagstrom et al., 1979; Fuhrman and Azam, 
1980, 1982）。Azam 等于 1983 年提出了微食物环的概念，即浮游植物光合作用
以及浮游动物摄食过程中产生的溶解有机物（dissolved organic matter, DOM）通
过细菌的吸收转化为细菌颗粒有机物（particulate organic matter, POM），POM 通






Fig. 1.1 A current view of the complex relationships between sunlight, biological 
energy production and dissolved organic matter (DOM) in the open sea (Karl, 2002). 
Recent discoveries of new marine bacteria include all three modes of photosynthesis: 
oxygenic photosynthesis (OP), anaerobic anoxygenic photosynthesis (AnAnP) and 
aerobic anoxygenic photosynthesis (AAnP), as well as two other potentially important 
light-driven processes, rhodopsin-based (RH) and phytochrome-based (PC) 
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